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Abstract

There are some degradation factors for amorphous silicon solar cells. Light inducing is one of the factor
that explained by Staebler-Wronski effect. Also, hotspot heating could be the reason that makes amorphous
silicon solar cell degrade. Hotspot heating is occurred when a solar cell is shaded so this work is investigated
into two types of shading condition and how these affect to solar cell differently. Reduced irradiance for
whole cell and partially shaded as O(W/m?) while the other part of cell is soaking as 1000( W/m?) of
irradiance are two conditions that are experimented. The two types of shading show different characteristics
of degradations. The result shows that partially shaded cell dropped maximum power less and slower. Also
sudden drop points have shown that should be concerned to decide the number of cells for a string.
Otherwise, the current through a shaded cell might flow more than cell’s capability. It makes cell and module
damaged. This work would help to manufacture modules.

Keywords @ ¥ A4 B2 EE(a-Si PV module), 3t (hotspot), & 3H(degradation), 15 F (shading),
A A} 2 (irradiance)




72l M4

N

Voc Nk (V)

Isc AR (4)

FF AR (%)

eff. HStE S (%)

Pmax CEHYAEHE (mW)

Irradiance  : QA= (W/m?)
.M B

H AR BEo] Hrof HXHo] W
= St A A JFgFor st BE
o] degradation¥ = dAS & & 9t BE

o =
degradation®] 93-S F= 8912 st 1
% o] 9Jalo] degradation®] %= LID(Light
Induced Degradation)2 Stabler-Wronskioll €]
el A HJATh[1] &= degradationol] @&FS
= 29 F sy shading @2 <13} hotspot

Bj kA Ao shadingo] A %W+ 45 #A
Fsc)= Eol =tk REeF o] Alo] the A3}
AEe ddse gle AF 1 Aol &%
string& W2 AFE wEo WA Hi o=

reverse bias® 283} ¥ r}[2] shading
Alef| A o] reverse bias”} breakdown voltage
S Z95HA A A2 A7te =48 JA
HAh[3] o719 F a3k w7 Eel o
2] (Avalanch) &2 pn¥ 3(junction)®] &
HS FelA A3 AAel s 7=
breakdown @-7gelth[4] 24 BlFdA B
B9 2 reverse biasoll WM E T A
T7F HAdou vAA A2 BE tEA
v ob4 B =io] v erh[5] 1g
sto] & Ae HAA A HddA B2
S0 A shadingoll ¢3}le] hotspot Ato]
A3 S ] degradation EAE FAEA L,
shadingo] ¥+ W49 w}g} degradation &
o] oE A W3sl=A Bl sk

[

2. 4 o
2 Ao e 27l 13 Zo] Alo]=7t
100X 100(mm*)Ql a-Si BFAA ZES A}
L399t A= ®Eo] shading ¥ o Isc
ol "olx A W reverse bias7} A=
A} oA 7] dwito] DC Power supply &
o] g-3lo] EHFHA BE Fetol IscitvtE<]
reverse biasg ZAolFATH A¥ Al 2EE
25(°0) 2 nAFAHoH AP 30ET
Agete] =7 @ A3 7o 2E I
HE H skl

a7 1 ol ArEE AR

100
100mm

100mm
-
|

T F579 shading =4& ol o]o 93t
d3tdAgS HustYe. 3 WAE normal
5o 10000 W/m?*)e] "ol ZAE 1 bad
BE AA ] 10000 W/m?) Bt wro ghe] Wl
o] ZAE u dsly = Ay F OHUAR
bad EEo] REAOF shading¥ o] Y&
Sty whx e o) dilE s Ags 59
o ZF Ao MEAHQ WeS g 2o

2.1 dAbEF wgk AR El)

the 19 29} o] a-Si BFHA REO]
AAsol Qtta dxk. A BREAAE
1000( W/m?)e] o] ZAE 1 bad ZEol
ZAbE = Bl A7IE
3}o] shading&#& &



F st MY o

Bad 2Ed ZAMEE 2ol A7E 900
(W/m*)5-8 A &3} lOO(W/mQ)‘—f%‘ %o

AN mEel 27%elA AL Iscakel A
58 doz dolFol W% Fe AU
9. A9e A nEL A4HE A7 A 2

2.2 shading™ %] v]& W3} A48 (A¥2)
g 29 37 2ol a-Si A} 34

o] Qutz 2. A EEOE 1000
(W/m?*)7} ZA e 9191} bad RES &
BHoz RES YXFo] shading® o] of

FoAE w R 4o 4gelth

a2l 3 shading™ d|g 3t g of

Shading ¥ &< 10(%)% 8 A 2s}o]
10%)8 Eeibas mEe 27034 2
£ lscile] 47 202 FolFo) W ¥
oF 4gstaTh ¥ vhd RELS A5

kA é‘?%i]% %Xéé}ﬁiﬁ}.

g AnE mygon AaAL S Ha} A
S W] Pmax® WIHFS g,
shading ™4} H]&ol & Pmax®] W3S

golgtyrt. T3 RE E=Ede AdA A
AbEFe] 10(%)E =91 ﬁ&}@r shading & %
= 10(%)i stF S wWe] Aol FollA
golgd 4= AR o shading ZA whetA
degradation®] 54d¢] o9 A v &4 I-VE
AAE Este] g ¢ sl

3.1 A Wk A9
o 318 W ZARE o) 477 ol
A% Pmaxgke] #Makgo] H4 AA= A
o) 2=
%

E 1. LA Hstof| w2 Pmaxel #st
Irradiance Pmax(mW)
(W/m?) Omin 30min
900 899.3 871.5
800 829.2 801.9
700 873.9 849.9
600 832.3 823.1
500 881.9 829.7
400 898.5 856.7
300 866.9 774.3
200 886.6 751.4
0 902.6 772.6

g ateFo]l 900( W/m*)Y wle] Pmax %
3.091(%) #238k2ar o] 800( W/m*) Y
3.292(%), 700(W/m*) 2 w 2.746(%) =
(%)Y FAa&S Holtrl dAbEe] 500
(W/m»Hd v 5919(%)°] F43 #r2eS
worh ma dArEe] 300 W/m?)Y w=
10.68(%), 2000 W/m*)Qd w= 1524(%)3
Holm A 30& vk Pmax7} F243] "olA
= AL #A% 5 A

g 09 4 dA e e Ay A5
Pmax9] WH&S YEldLh o]& BRY F
AL Qe "ol 7177k 7HE4E W

&o] At AAH Aaleke] 500( W/m?)Y
ok 300 W/m?*) Y w W&ol AA A

= I~
TS & T

2 & rlo

o

fl

l



c!“

b & kN oo

A Pmax(s)

-14 O r

-16
-18

900 800 700 600 500 400 300 200 ]
irradiation[W/m?)

O 4 LA Hslo| 2 Pmax H3le

olE 1% 59 ol AAES ZHzZE 900
(W/m?), 500 W/m?), 300 W/m?*) .2 =i
30% B9 AFE Ho [-[VEAAITHOR 1
el HW o A9 ol
FF(Fill Factor)7} @& 818 4 9t}
FFe W33 & (eff.) 3} 3317 wito] H3t
& A AT

[e)
S gasta 9l

0.16

vvvvv

384 V‘YXW
Vedsretisst Wits:
tteay x
teo -
0.12 =
o Ay
¥
0.1 3

current[A]
o
= o 5
=)
+
.
P |

—Ref.
* 900

002 || °300

0 2 4 6 8

a2 5 Pmax7t
|8

=
=
EZEE2 -V

3.2 shading™ %] H|-& W3} 239
)

& % 28 HY o/ Ay A AF1y
vEZ7HA & shading W4 o] 5o'E5 5 Pmax
o] FHago] SUHES & F Uth
shadingtfd & o]  AAAAY] 10(%)¥

1.24(%), 20(%)¥ o 1.28(%), 30(%)d uf

239(%) & A

12 FAES Ho|thr) shading
w2 ol 70(%)d

4
 6.06(%)°] wA%F A
&5 BT ol A 1olA dAate] 500
(W/m» Y o F4% Fags B 23
ozt the AR & & vk

M S

E 2. shading® ™ d| 2o w2 Pmaxel g5t

Shading Pmax(mW)
percentage(%) Omin 30min
10 933.7 922.1
20 885.5 874.1
30 875.3 854.3
40 893.5 849.8
50 867.8 852
60 907.8 883.1
70 929.3 872.9
80 923.7 830.1
90 900.6 818.9
100 902.6 772.6

A} 1000( W/mQ) 7NEE
olebar Azt

0(%) shading
& ) 5000 W/m*)&= 50(% )<
shadingolﬁ]ril %L T ded, A3 29
shading™ 2] H]& 50%¢} ®lula] B ejok
AR AA oA 3% shadingo] & A ®m}
v FiEAeRE ¥3t shadinge] JH =
shading®e] A %<& Fitol] &=& It
o] ZAl% &= Aol degradationo] @ H &=
e d&FE F AUk

o & & Moo

A Pmax(s)

-14 "
-16

10 20 30 40 5 60 70 80 90 100
shading(%)

1% 6 shading® & dH|go| 2 Pmax sl



Y 62 shading® ] H|&o wE AF
%9 Pmax W3&S UERTE o 7] A
shading® ] H]&o] 70(%)¥ W 6.06(%), &
(%)Y o 10.1(%)e] & Z:Lﬁ:%% Bt} o=
a9 7% Zo] FVEAFHASRE YEE
] shading W#o] 9= FF(Fill factor),
eff.(efficiency) 7} 4 }.TV_ NHG A3 R
o] 57]'?5‘}3 aYzE adY, 1y 5¢F o

WEPgE uf FEA O 2 shadinge] @ EE
o] =5 #9 degradation®] T & A& &
A<
T Utk
0.18
0.16
0.14 o ""‘"“"-»'...‘.".';..; S8es
oo...\
0.12 4
= &
= o1
o ‘\
£ 0.08 ..\
3
© 006 | ——Ref. -
r 10% :\
0.04 | 69 \
002 | ¢+ 80% ’x
0

(=}
N

4 6 8

shading™ & | &
A

4. 8 E

A A% REo] shading ¥ hotspoto]
Jojte] wet degradation®] E54S <71
9ste] F 74A1 9 shadingZxdS 7FAl 2 A
ok B Ao A2 oy g

O

) YAFEo] wE hotspot degradationol A
= %’/‘}%’ﬁo] 500 W/m*)¥ ol Pmax7}
A FHask o

(2) shading®# H]&9] wWE hotspot
degradation®l A1+ shadinge] 70(%)7}
e w Pmax7} 3A 7AFA

(3) 22 (2)5 vluLstH dARF W sl
w2 degradationS LAMEFo] 7]E diH]

—~
—_

50(%) #AsAS W AA RS
shading™#] H] & W& degradatlonL
W o] 7]& tiH] 70(%) shading ¥ A<
wf =2A JERSTh o] &4 shading &7
o] Wi} degradation®] E4Jo] t}E&S 3
]’5‘21— 2= O] 1ﬂr

o
(4) B =F2 hotspot &4 A] degradation
o] %

u] Ao S Azbsof $th. hotspot
2 A k] mismatch7} A71H A e
Bl 2153 nesfutor o @ Aot}

£ 7

B oAgE 20009 % AAAAN] Lo

St q A 7)=3 7FA(KETEP) S A

ol =aek At A Ju T
(No0.2009T100100579)

o fu

3
rot

Foo=

1. EE. van Dyk, A. Audouard, EL. Meyer
and C.D. Woolard, Investigation of the
degradation of a thin-film hydrogenated
amorphous silicon photovoltaic module,
Sol. Energy Mater. Sol. Cells 91 (2007),
p. 167.

2. SR. Wenham, M.A. Green and MLE. Watt,

Applied Photovoltaics, Centre for Photovoltaic
Devices and Systems, University of New
South Wales, Sydney, 1995

3. S. Silvestre and A. Chouder, Effects of

on photovoltaic module
performance, Prog Photovolt: Res Appl
16 (2008), pp. 141 - 149.

shadowing



4. W. Herrmann, W. Wiesner, W. Waassen,
Hot spots investigations on PV modules
—new concepts for a test standard and
consequences for module design with
respect to by-pass diodes, Proceedings
of the 26th IEEE Photovoltaic Specialists
Conference, 1997, pp. 1129 - 1132.

5. E. Molenbroek, D.W. Waddington, K.A.
Emmery, "Hot spot susceptibility and
testing of PV modules”, IEEE, 1993, pp.
45-55, 1991, pp. 547-552



